The function and structure of the small intestine in iron-deficiency anaemia has been studied in adults with conflicting results (Rawson and Rosenthal, 1960; Vartio, 1962; Halsted, Prasad, and Nadimi, 1965; Saha, Chatterjea, and Chaudhuri, 1965) . Only one group of workers has studied this problem in infancy and early childhood (Naiman et al., 1964) .
We here record our observations on small intestinal structure and function in children aged 4-12 years.
Material and Methods 26 children aged 4-12 years suffering from irondeficiency anaemia were studied. The diagnosis was based upon the criteria laid down by Smith (1960) , Rasch et al. (1960) , and Wilson, Heiner, and Lahey (1962) . Ankylostomiasis or other intestinal infections or infestations were ruled out by repeated stool examination. 14 non-anaemic children with no evidence of gastrointestinal or urinary infection served as controls.
The following investigations were carried out: haemoglobin by cyanmethaemoglobin method (Williams and Zak, 1957) ; haematocrit, erythrocyte count, reticulocyte count, and bone-marrow examination by standard methods (Dacie, 1956 ); bone-marrow staining for siderocytes by the method of Douglas and Dacie (1953) . A quantitative appraisal of the bone-marrow iron content was made from 50 oil-immersion fields. Serum iron was estimated by the method of Ramsay (1958) , unsaturated iron-binding capacity by the method of Ressler and Zak (1958) , and serum protein by biuret method (King and Wootton, 1956) .
For ova and parasites in faeces, 3 from each case were examined with normal saline and iodine. If negative, the stools were examined by the concentration method with saturated saline solution for hook worm ova. Faecal occult blood was tested by benzidine.
A 72-hour stool fat excretion was measured by the method of van D-xylcse excretion test, a dose of 5 g. D-xylose was used orally, D-xylose being estimated in a 5-hour urine sample by the method of Roe and Rice (1948) . Peroral duodeno-jejunal biopsies were performed using Rubin's multipurpose suction biopsy tube (Brandborg, Rubin, and Quinton, 1959) . Histological examination and grading of biopsies were done without knowledge of clinical data.
After the completion of the above studies, all the patients were treated with intramuscular iron-dextran (Imferon), the total amount of iron given being based on Smith's (1960) formula. Standard hospital diets were fed to all the children. Hb, haematocrit, and reticulocyte counts were checked on the 1st, 5th, 9th, and 15th day after beginning therapy. 16 of 26 patients were reinvestigated after 10-30 weeks of iron therapy, when Hb had reached 12 g./100 ml. and the serum iron had attained normal levels.
Results
In controls, the mean 5-hour urinary excretion of D-xylose was 1 * 48 g.; and the faecal fat excretion 3 * 1 g./day.
The clinical features are recorded in Tables I and  II could be performed were all found to be normal after correction of the anaemia.
Duodeno-jejunal biopsies were repeated in all the 11 patients in whom they were initially abnormal. Improvement could be detected in all but 2 patients ( Fig. 3 and 4) , though the return of the histological picture to normal was incomplete in some cases. The villi are blunted and fused over wide areas, with dense infiltration of lamina propria.
The improvement in the histological and biochemical parameters did not run parallel. Discussion More than two-thirds of the children with iron deficiency studied showed evidence of altered gastro-intestinal function and structure. Naiman et al. (1964) reported an enteropathy due to iron deficiency in children aged less than 3 years. The occurrence of similar changes in this group of children aged 4-12 years indicated that gastrointestinal dysfunction in iron-deficiency anaemia was not confined to the younger ages.
The complete disappearance after iron therapy of the biochemical and histological changes in the small bowel suggests that the enteropathy observed is probably the result of iron deficiency. However, the severity of intestinal changes was not directly correlated to the levels of Hb or serum Fe.
All the patients with structural abnormalities also had functional abnormalities, but the reverse was not true, nor was any correlation found between FIG. 4.-Case 1. Intestinal biopsy, after iron therapy. The ratio of villous to crypt length; cellularity of lamina propria approach normal. The villous epithelium is largely normal.
the severity of the two. Girdwood, Delamore, and Williams (1961) , Baker et al. (1962) in adults, and Naiman et al. (1964) in children, reached similar conclusions. This is understandable because structural changes in the gut reflect the maximal effect of an injury at the local site of biopsy, while functional changes reflect injury to much longer segments of gut. The great majority of children had normal levels of serum albumin, so that the intestinal dysfunction was not the result of protein deficiency. Naiman et al. (1964) reported only mild histological abnormalities in the intestinal biopsy specimens, but in our patients there was a significant proportion showing Grade II and Grade III changes. Our patients may have had the disease longer than those of Naiman et al. The villous atrophy in 4 of our patients closely resembled that seen by us in cases of gluten-induced enteropathy. However, the fact that the morphological abnormalities improved in this group, without any gluten restriction, excludes coeliac disease.
The mechanism by which these changes are produced is obscure. Iron being an essential element in the proper functioning of several enzyme systems in cellular metabolism, its deficiency may affect their structure and function adversely. 10 adults with iron-deficiency anaemia investigated by Rawson and Rosenthal (1960) , and 11 young adults investigated by Halsted et al. (1965) had normal small intestinal mucosae. The reason for this difference between children and adults is unexplained.
Taking into consideration the prevalence of iron deficiency amongst children in the developing countries, it is quite likely that cases of this disorder with steatorrhoea masquerade under different eponyms (Naiman et al., 1964; Schubert and Lahey, 1959) . The suggestion of Naiman et al. (1964) that iron therapy be tried in cases of steatorrhoea associated with iron deficiency, before embarking on extensive investigations or dietary restrictions, deserves serious consideration.
Summary
Structural and functional changes in the small intestine of 26 children aged 4-12 years, suffering from iron-deficiency anaemia, are described. In a high proportion of cases there was occult blood in the stool, impaired absorption of fat and of D-xylose, and varying degree of duodeno-jejunal mucosal atrophy. There was poor correlation between the structural and functional changes. All these changes reverted to normal after serum iron had reached normal levels with iron therapy. The observations indicate a diffuse and reversible enteropathy in children as a result of iron deficiency of long duration.
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